Objectives: To examine the magnitude of overweight and its association with blood pressure (BP) among adolescents. Design: Cross-sectional study with all children in age range 9-16 years (n ¼ 1146 boys and 1077 girls) from two schools catering to urban affluent high socio-economic class (HSE), for anthropometric measurements by trained investigators and BP measurement by a pediatrician using sphygmomanometer. Results: The prevalence of overweight based on conventional body mass index (BMI) cutoff was 27.5% for boys and 20.9% for girls but varied for different indicators. Prevalence of high systolic blood pressure (HSBP) was 12.0% in boys and 9.7% in girls and increased with increasing levels of BMI, weight, triceps skin fold thickness (TSFT) and percent body fat. Mean level of SBP among overweight children was significantly (Po0.001) higher by about 12 mm Hg, whereas that for diastolic blood pressure was higher by 8 mm Hg (Po0.001) as compared to their non-overweight (age, sex-matched) counterparts. This was true in both sexes and for all indicators used for assessing overweight. Prevalence of HSBP increased suddenly beyond BMI value of 20 kg/m 2 in boys and 21.5 kg/m 2 in girls, beyond TSFT value of 12 mm for boys and 14 mm for girls whereas such cutoffs for body fat were above 25% in both sexes. These cutoffs appear much lower than the conventional ones and therefore indicate the need for validation of conventional cutoffs in different populations. Conclusions: Our findings highlight that BP measurement needs to be a routine part of physical examination in school children, and the use of cutoffs anchored to metabolic risks may be essential for assessment of obesity.
Introduction
Obesity in adolescents is a major public health problem in developed countries and in some parts of developing countries, too. It is a growing nutritional concern in countries like India, which are witnessing nutritional transition (Popkin et al., 2001) . It is being realized that with the growing popularity of fast foods, the transition is greatly affecting the food basket of the people. In addition, decreasing physical activity leading to sedentary life style is likely to promote obesity and related health problems.
Obesity in adults is known to be a major risk factor for many non-communicable diseases and, especially, for cardiovascular disorders. Childhood obesity, too, has important health consequences for children and is a major antecedent of adult obesity (Popkin and Udry, 1998) . Persistence of childhood obesity into adulthood has been shown by several studies (Rolland Cachera et al., 1987; Siervogel et al., 1991; Serdula et al., 1993) . Guo et al. (1994) have shown that overweight during childhood, especially beyond 8 years, is an important risk factor for overweight at the age of 35 years. Obesity in adolescents is not only associated with hypertension and abnormal lipid profile, but also shows clustering of risk factors for cardiovascular disease (Chu et al., 1998) .
Reported studies on adolescent obesity in the urban Indian population are unfortunately scarce, and have not studied its health consequences. Thus, Kapil et al. (2002) report the prevalence of obesity in school children from the affluent class of Delhi to be only 6-8%, whereas Ramachandran et al. (2002) report it to be as high as 16-18% in school children from Chennai and, further, they associate it with lower physical activity. As obesity is an important risk factor for hypertension, we studied adolescent obesity and blood pressure (BP) levels in school children from the urban population in Pune.
Methods

Subjects
Two convent public schools, one catering to boys and another to girls, from the urban affluent high socioeconomic class (HSE) were considered for the study. These two schools actually represented the elite class of the society, as the school fees were enormously high compared to other schools in the city, and as such were affordable to parents from the high-income group. A majority of the parents were either businessman or professionals. A cross-sectional study was conducted by complete enumeration method. Thus, all the children from the 5th to the 10th standard, covering the age range 9-16 years (1146 boys and 1077 girls) from these schools, were included in the study. Absentees (5.7% boys and 8.6% girls) on the days of the actual survey were the only exclusions. The study was approved by Institutional Research Advisory Committee.
Measurements
Anthropometry
Measurements were recorded in duplicate by trained investigators using standard procedures. Nevertheless, an interobserver variability (IOV) study was carried out before starting the study. Between-investigator variation was negligible for the measurements, weight and body fat, taken with the help of digital equipments. However it was seen in case of skin fold measurements (CV% for triceps-5.5). Investigator with the lowest standard deviation in case of skin folds was kept constant for a particular measurement during the study.
Weight was recorded (up to 20 g) using the electronic weighing balance (Suysan, India), standing and sitting heights were measured by stadiometer (upto 0.1 cm), skin fold thickness at triceps was measured (upto 0.1 mm) using the Harpenden's Calipers (CMS Instruments, London, UK), whereas body fat was measured using the Omran (HBF 300, Japan) equipment that works on the principle of bioelectrical impedance analysis. Age assessment was carried out using birth date records from the school.
Blood pressure
A pediatrician who accompanied the team measured the BP using sphygmomanometer (mercury). It was measured in a sitting position, on the left hand, using an appropriate size cuff, after a child had taken rest for at least 10 min. As the measurements of the students were taken during school timings, we were limited to a single measurement of BP. We defined high systolic blood pressure (HSBP) and high diastolic blood pressure (HDBP) independently when measured SBP or DBP of a child was above the 95th percentile of value of BP corresponding to his/her age, sex and height percentile given by the Task Force Recommendations (National High Blood Pressure Education Program, 1996 ). An index for BP was defined as a ratio of observed BP divided by this reference value of 95th percentile of BP, and was expressed as percent. Thus, index for SBP (SBPI) as well as for DBP (DBPI) was computed for the individual child. This corrects the effect of height on BP and allows for severity of BP elevation for comparison between groups of children of different heights.
Assessment of overweight
Body mass index For assessing the prevalence of overweight children, the conventional cutoff (Must et al., 1991) of body mass index (BMI) above the 85th percentile was used. Similarly, age-sex specific cutoffs for BMI developed by Cole et al. (2000) were also used to define overweight children. These cutoffs are linked with adult cutoff and extrapolated to childhood as proposed at the International Obesity Task Force (IOTF) meeting in 1997 (Dietz and Bellizzi, 1999) .
Body fat (%)
Another indicator based on body fat percent was also considered for estimating the prevalence of overweight. Conventional cutoff (X25% for boys andX30% for girls), defined by Williams et al. (1992) , was used for estimating prevalence of overweight in adolescents.
Skin fold at triceps A relatively simple method of assessing the percentage of body fat in children would be the measurement of the subcutaneous fat layer, namely skin fold thickness. The cutoff of 85th percentile given by Must et al. (1991) was used for skin fold at triceps for defining overweight.
Weight for age
This indicator is used to grade obesity on the basis of a simple basic measurement of the body weight expressed as percent of expected weight for age (WHO, 1983) . The cutoff used was 120% or above for defining overweight.
Statistical methods
Age adjustment was required in view of the significant (Po0.000) correlation of age with body weight (r ¼ 0.22 and 0.48) and BMI (r ¼ 0.22 and 0.33 for boys and girls, respectively). In case of girls, such adjustment was required additionally for body fat (%) and triceps skin fold thickness (TSFT) being significantly (Po0.000) correlated with age (r ¼ 0.36 and 0.24, respectively). Mean values of various anthropometric measurements for the two sexes for a given age group and the mean values of BP measurements among overweight and non-overweight group of children were tested using Student's t-test. The proportion of children with HSBP in overweight and non-overweight groups was tested using Z-test. Linear trends in various anthropometric measurements by age were tested using analysis of variance (ANOVA) whereas those in proportions of overweight children by weight, BMI, body fat and TSFT were tested using Z-test for a linear trend in proportion (Snedecor and Cochran, 1968) . All the analyses were carried out using SPSS/ PC þ 11.0 version for windows.
Results
The mean values of various anthropometric measurements are plotted in Figure 1 .The weight, height, sitting height and BMI generally increased with age in both sexes. On the other hand, body fat percent and TSFT were not significantly different among various age groups in boys, but showed a significantly (Po0.000) increasing trend in the case of girls. Mean height and sitting height of boys was significantly (Po0.01) higher than that of girls above 13 years of age. In contrast, body fat (%) and BMI were significantly (Po0.01) higher in girls than in boys above 13 years. TSFT in case of girls was higher than in boys all through adolescence, but the differences widened significantly (Po0.01) above 12 years. Thus, above the age of 13 years, girls were fatter than boys.
It is known that during the span of adolescent growth, significant changes take place in weight, height and body composition at varying chronological ages. Therefore, the prevalence of overweight was computed for children according to three broad categories of age. These categories differed for the two sexes owing to the obvious differences in age of maturity. Among girls, the mean recalled age for onset of Overweight adolescents and hypertension S Rao et al menarche was 12.271.1 years in our subjects. Hence, the categories for girls were defined as pre-pubertal (o11 years), pubertal (11-13 years), and post-pubertal (X13 years) whereas the respective categories were taken 1 year later in case of boys in view of the fact that they mature later compared to girls. The prevalence of overweight by five different indicators defined earlier is shown in Table 1 . The estimate of overall prevalence of overweight obtained by TSFT was lowest (11.7% in boys and 7.4% in girls), whereas that based on percent body fat was highest (35.8% for boys and 24.1% for girls) compared to other indicators. Among boys, the prevalence of overweight for any indicator was higher in pre-pubertal age, but decreased as growth advanced. In contrast, among girls it was lower in prepubertal stage, but increased in pubertal and post-pubertal period when indicators based on body fat are considered, that is, TSFT and percent body fat, probably owing to fat deposition associated with onset of menarche. However, the prevalence of overweight decreased with age when weight for age was considered but did not vary when BMI was considered. The overall prevalence of HSBP was higher than that for HDBP in both sexes (10.5 and 7.0% in boys; 9.7 and 2.6% in girls, respectively). As obesity is a major risk factor for hypertension, for each overweight child age-sex-matched normal, non-overweight child was randomly selected from the same school. The prevalence of HSBP and HDBP among non-overweight and overweight children, identified by various indicators, was examined ( Table 2 ). The mean SBP and DBP levels as well as prevalence of HSBP and HDBP were significantly (Po0.001) higher among overweight children compared to their counterpart, by any indicator. Thus high BMI, high TSFT, high body fat percent and high weight for age were associated with higher prevalence of HSBP and HDBP. In particular, when children were identified as overweight based on TSFT, the prevalence of HSBP as well as HDBP was highest among boys (27.6 and 17.9%, respectively) as well as girls (40.5 and 8.9%, respectively). On the other hand, it was lowest when they were identified as overweight based on percent body fat. Sex-related differences were observed in the prevalence of high BP. Thus, among overweight girls, the prevalence of HSBP was higher, whereas in overweight boys that of HDBP was higher for any indicator.
The mean values of SBPI and DBPI (i.e. after correcting the effects of age, gender and height on BP) are compared between overweight and non-overweight children by various indicators in Figure 2 . It can be observed that mean SBPI and mean DBPI were significantly (Po0.000) higher for overweight children than for their counterparts, in both sexes, by any indicator. Further, among overweight children, the sex differences seen in mean SBP values disappeared when their mean SBPI were compared, whereas they remained significant in case of DBPI.
As overall prevalence of HDBP was relatively smaller than that for HSBP, we examined further the prevalence of HSBP for different levels of various indicators adjusted for age and is shown in Figure 3 . Prevalence of HSBP showed positive association with various indicators of overweight. It increased significantly (Po0.000) with BMI in both sexes, but increase was sharp beyond the value of BMI 20.0 kg/m 2 in boys and beyond 21.5 kg/m 2 in girls. Similar significant trend (Po0.000) was seen with age-adjusted body weight, and the increase in prevalence was higher beyond 48 kg. It also increased as fatness increased and the significant (Po0.000) increase in the prevalence was observed beyond 25% in both sexes. SBP also showed positive association with TSFT, a measure of subcutaneous fat and the significant (Po0.000) increase in prevalence of HSBP was seen beyond the value of 12 mm in boys and 14 mm in girls.
Discussion
Obesity's persistence into adulthood, its resistance to treatment and its health consequences make it critical to understand adiposity in children. A review of childhood Overweight adolescents and hypertension S Rao et al obesity indicates that most studies reported are from Europe and North America (Dietz and Bellizzi, 1999) and validation studies in other populations are needed. Moreover, in the Indian context, as an epidemic of non-communicable diseases like hypertension, diabetes and cardiovascular diseases is on the rise, investigations on adolescent obesity assume special significance. In view of the rising affluence in India leading to a sedentary life style and mushrooming of food stalls for fast foods especially in urban areas, it was thought that emerging trends in adolescent obesity in urban populations needed to be studied. We examined the magnitude of obesity and its association with high BP among urban adolescents from the affluent population in Pune, India.
Comparison of mean weights and heights to NCHS median showed that boys had comparable values up to 14 years and were heavier and shorter beyond 14 years. In girls, these values were comparable up to 13 years, and they had lower weights as well as heights beyond 13 years. However, mean values for TSFT were on the higher side compared to NCHS standard for boys across all ages, but it was not true in case of girls.
A similar comparison with studies reported from India (Vijayraghavan et al., 1971; Agarwal et al., 1992) for children from well to do families showed that our subjects were taller and heavier. This could be attributed to the secular changes in growth. However, the fact that mean TSFT values observed in this study are comparable to those reported two decades back (Vijayraghavan et al., 1974; Kapoor et al., 1991) for children from well to do families, shows that there is hardly any secular change with respect to triceps skin folds in Indian adolescents.
BMI, defined as kg/m 2 , offers a reasonable measure of fatness in children and adolescents. Although its validity across diverse samples of youth from different age, sex and ethnic groups has not been evaluated, it is used widely because of the relative ease and accuracy of the basic measurements (Malina and Katzmarzyk, 1999) . Several studies have focused on validation of various anthropometric measures for assessing fatness and seem to recommend mostly BMI (Dietz and Bellizzi, 1999) and TSFT (Deurenberg et al., 1990; Sarria et al., 1998) . Our observations show that prevalence of overweight children differs greatly with different indicators and it was lowest using TSFT cutoff but highest using percent body fat cutoff, in both sexes.
Although BMI is widely used as a surrogate measure of adiposity, it is a measure of excess weight relative to height rather than excess body fat. In view of the fact that Asians are believed to have higher body fat for the same BMI compared to Westerners, assessment of body fat is essential. Although methods of body fat assessment like densitometry or DEXA are more accurate but are complex, costly and impractical for field studies, alternative simple methods like BIA or surrogate measures like skin folds have become popular. Our observation that mature boys had less body fat than girls is similar to that reported by Dietz and Bellizzi (1999) based on estimates of body fat by DEXA. Higher body fat in girls was probably responsible for higher BMI, especially beyond 14 þ years. A similar observation has been reported by Freedman et al. (2005) who have estimated body fat using DEXA. The fact that these trends in body fat are observed in adolescents from White population and also confirmed in Indian Overweight adolescents and hypertension S Rao et al population, gives us confidence in the estimates of body fat based on BIA. We observed that the prevalence of overweight children was higher in younger boys and decreased as age advanced, but the trend was reversed in girls. Mean skin folds at triceps were also higher in girls than boys throughout adolescence, but the differences were striking beyond 12 years. Must et al. (1991) , too, have reported a similar observation using NHANES-I data. This is consistent with the greater gains in muscle and bone experienced by boys during adolescence and greater gains in body fat experienced by girls (Sardinha et al., 1999) . Therefore, it cannot be denied that these variations in age, sex and maturation impose more limitations on BMI as a measure of adiposity in the pediatric population than in adult population (Neovius et al., 2004) . In view of this, examining the relation of obesity with morbidity appears to be best available alternative. In fact, one of the criteria suggested for choosing a measure of adiposity is the clinical validity, that is, ability to predict morbidity (Kraemer et al., 1990) .
A single observation available on BP was the limitation of the study and may perhaps be the reason for higher prevalence of HSBP and HDBP observed in this population. However, it cannot be overlooked that the difference in the mean level of SBP among overweight and non-overweight children was significantly (Po0.001) high and was about 12 mm Hg , whereas that for DBP was about 8 mm Hg (Po0.001). This was true in both sexes and for all indicators used for assessing overweight. An association of overweight and fatness with high BP has also been observed by Iman et al. (2003) among children from Kuwait and in CATCH study by Dwyer et al. (1998) among an ethnically and geographically diversified group of students. In younger children (1-7 years) from 11 major cities in China, He et al. (2000) observed that the differences in mean BP levels were around 5 mm Hg in SBP and 4 mm Hg in DBP. The larger differences in mean BP values observed in this study probably indicate that overweight during adolescence further amplifies the differences in BP levels.
Prevalence of HSBP was higher in overweight girls than overweight boys, whereas the reverse was true in case of prevalence of HDBP. However, even in non-overweight children, the prevalence of HSBP or HDBP was observed to be of the order of 5-10%, and indicates that the cutoffs for assessing overweight need to be lower than conventional cutoffs in case of the Indian population.
Increase in the prevalence of HSBP was sharp and linear with increase in body fat percent, BMI or TSFT. It increased ). Similar is the case with TSFT (12 vs 16.4 mm for boys; and 14 vs 22.3 mm for girls), indicating that most cutoffs appear much lower than the conventional ones. Recently, Sardinha et al. (1999) too have reported that the recommended cutoffs for Portugese boys and girls also correspond to lower percentiles than those recommended for US boys and girls, whereas Malina and Katzmarzyk (1999) show cutoffs for body fat to be more sensitive than BMI. Our observations, therefore, indicate the need for validation of conventional cutoffs in different populations.
In conclusion, the prevalence of adolescent overweight/ obesity is indeed increasing in urban well-off populations in India. Our observations also highlight the fact that obesity is a major factor associated with increased BP levels and physical examination of school children could be a routine part of school curriculum. However, owing to probable population differences in relative risks, customized classification systems derived from national data are required. The findings in this study underscore the importance of examining childhood obesity in relation to the functional outcome. All the more so because South-east-Asian populations are believed to have relatively higher percent of body fat and that these populations are passing through nutritional transition. Thus, the results of our study highlight the fact that using cutoffs anchored to metabolic risks may be essential in assessing obesity.
